SnO 2 /SiO 2 nanocomposite has been synthesized by using sol-gel method. Prepared catalytic materials has been well characterized by using X-ray diffraction (XRD), transmission electron microscopy (TEM), scanning electron microscopy (SEM), energy dispersive spectroscopy (EDS), Fourier transform infrared spectroscopy (FT-IR), Brunauer-Emmer-Teller (BET) surface area, and temperature-programmed desorption of ammonia (NH 3 -TPD). SnO 2 /SiO 2 nanocomposite catalyzed synthesis of 2-arylbenzothiazoles by the cyclocondensation of 2-aminothiophenol and aromatic aldehydes under reflux condition in 1:1 EtOH:H 2 O. After completion of the reaction, catalyst can be recovered efficiently and reused with consistent activity.
Introduction
Now days, development of environmentally benign protocols have been gaining an importance in chemical processes. Generally, organic reactions are carried out using inorganic acids such as H 2 SO 4 , HCl, and HNO 3 as well as on other hand by using Lewis acids like AlCl 3 and BF 3 .
1 Despite its high selectivity, these homogeneous classical acid catalysts offer several disadvantages like high toxicity, corrosive nature and generation of maximum waste, tedious recovery and reusability procedure. In view of enviro-economical aspects, it is necessary to replace these toxic acid catalysts by newer solid heterogeneous catalysts as an excellent alternative source over the conventional acid catalysts, as they can be inexpensive, non-toxic, non-corrosive, easy to recover and reuse. Accordingly, various solid acid catalysts, such as heteropolyacids, ion exchange resins, zeolites and clays have been investigated. 2, 3 However, the main disadvantage associated with the heteropolyacids and ion exchange resins is poor thermal stability and loss of catalytic activities at high temperatures.
Metal oxide-based catalysts are active over a wide range of temperatures and more resistant to thermal excursions. Tin oxide is an important n-type semiconducting material with a band gap of 3.65 eV at 300 K. 4 It has been widely used for various applications such as optoelectronic devices, fabricating solar cells, electrochemical applications, electrode materials for Li-ion batteries and as gas sensors.
5-13
Nanosized SnO 2 particles have been prepared by using chemical methods such as precipitation, hydrothermal, solgel, gel combustion and spray pyrolysis.
14-21 Tin oxide and tin oxide supported metal oxides have been extensively used as solid acid or redox catalyst for the oxidative dehydrogenation of propane, CO oxidation, esterification reaction, reduction of NO/NO 2 to N 2 and hydrogenation reaction of nitrile. [22] [23] [24] [25] [26] Mixed metal oxides exhibit strong surface acidity (Bronsted or Lewis) due to the generation of excess negative or positive charge in the model structure of the binary oxides. Recently, Mesoporous SiO 2 has been proved to be an extensively significant new kind of functional material with regular channels, large surface area, high thermal stability and tunable pore sizes over a wide range. It is used in different fields such as catalysis, functional materials, and nanodevices sorption and energy storage.
27-31 A nanocomposite material can be defined as a combination of two or more materials that results in better properties than those of the individual components used alone. In contrast to metallic alloys, each material retains its separate chemical, physical, and mechanical properties. The main advantages of nanocomposite materials are high thermal stability, high strength and chemical resistance. The use of such hybrid approach is to obtain greatly improved catalytic activity for the composite materials. Now a days, silica supported heterogeneous catalytic materials are of immense importance. In this regard herein, we wish to report new heterogeneous catalytic system i.e. SnO 2 /SiO 2 for the synthesis of 2-Arylbenzothiazoles.
2-Arylbenzothiazole is an important class of heterocyclic compounds owing to their potent utility as antitumor, 32 anticancer, 33 antibacterial 34 agents. Their significance is also due to applications in the treatment of the autoimmune, inflammatory, epilepsy, analgesics, viral, cancer, tuberculosis diseases and prevention of organ transplant rejection.
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Also; they have been widely used in industry as antioxidant and vulcanization accelerators which highlight their synthetic necessity. 40 Numerous methods have been reported for the synthesis of benzothiazoles. The most commonly used method involves the condensation of 2-aminothiophenol with substituted nitriles, carboxylic acids, aldehydes, acyl chlorides or esters. 41 49 However, some of these methods are plagued by one or many drawbacks such as long reaction time, use of volatile solvents, low yields and harsh reaction conditions etc. Therefore, it is still necessary to develop an improved route for the synthesis of benzothiazoles under mild reaction conditions.
In continuation of our interest towards the development of new heterogeneous catalyst for the synthesis of bioactive heterocycles, 50,51 here we report, SnO 2 /SiO 2 catalyzed synthesis of 2-arylbenzothiazole derivatives using cyclocondensation of 2-aminothiophenol, aromatic benzaldehydes.
Experimental
Preparation of Pure Silica. Silica samples were synthesized by using sol-gel process. A quantity of 2.408 gm tetraethyl ortho-silicate (TEOS) was taken in autoclave bottle to which 1% cetyltrimethylammonium bromide (CTAB) in 20 mL ethanol was added drop wise with constant stirring. The pH of the reaction mixture was maintained at 10 using aqueous ammonia. This mixture was then hydrothermally treated at 60°C for 12 h in an autoclavable bottle. After drying at 110 °C for 7 h in an oven, the obtained powder was pulverized using mortar and pestle and finally calcined at 400 °C for 2 h.
Preparation of SnO 2 /SiO 2 Catalyst. Series of SnO 2 /SiO 2 nanocomposite catalytic materials were synthesized by using sol-gel method. Generally, 15 wt % SnO 2 /SiO 2 catalysts was synthesized by using 0.846 gm of tin(IV) chloride dissolved in 20 mL double distilled water and tetraethyl orthosilicate solution (2.408 gm) was added drop wise in an autoclave bottle. The resulting mixture was stirred and 1% solution of cetyltrimethylammonium bromide (CTAB) in 20 mL ethanol was added drop wise with constant stirring. The pH of the reaction mixture was maintained at 10 using aqueous ammonia. This mixture was then hydrothermally treated at 60 °C for 12 h in an autoclavable bottle. After drying at 110°C for 7 h in an oven, the obtained powder was pulverized using mortar and pestle and finally calcined at 400 °C for 2 h. Similarly, 10 and 20 wt % SnO 2 /SiO 2 catalysts were prepared in the same manner.
Characterization Technique. All Chemicals were purchased from Merck and Fluka and used without further purification. Melting points were taken in an open capillary and are uncorrected. The morphology of sample was characterized with CM-200 PHILIPS transmission electron microscopy (TEM) operated at 200 kV, resolution at 0.23 nm. FT-IR spectra were recorded on JASCO-FT-IR/4100, Japan, in KBr disc. Thin layer chromatography was performed on Merck pre-coated silica gel 60-F254 plates. Table 3 . The progress of the reaction was monitored by TLC (petroleum ether:ethyl acetate = 7:3 as eluent). After completion of reaction, the reaction mixture was poured onto crushed ice and the solid product, separated was filtered and recrystallized from ethanol to afford pure products 3(a-h). As the catalyst is insoluble in ethanol, its separation and reuse is easy. Results and Discussion XRD Analysis. Figure 1(a-e) shows that the XRD patterns of synthesized materials. Figure 1(a) shows the broad peak at 22.27° corresponding to the amorphous nature of silica. Figure 1(b) and (c-e) represent the XRD patterns for SnO 2 nanoparticles and SnO 2 /SiO 2 which shows presence of highly crystalline and sharp intense peaks, which are in good agreement with that obtained by JCPDS card (411445), 52 suggesting the tetragonal lattice symmetry of this SnO 2 nano particles. Similarly, it was found that broad o in SnO 2 /SiO 2 corresponding to the presence of amorphous silica. From this it is clearly seen that SnO 2 crystalline nanoparticles after depositing SiO 2 on its surface enhances porosity.
TEM Image. Figure 2 (a-c) shows the TEM images of synthesized materials. Figure 2(a) shows the presence of varying sphericals which is a characteristic property of mesoporous silica having particle size in between 288-320 nm. Figure 2(b) shows the presence of flake like SnO 2 nanoparticles with an average particle size about 7-9 nm.
53 Figure  2 (c) shows that the SnO 2 nanoparticles clearly deposited on spherical shaped SiO 2 composite and therefore their particle size has ultimately reduced. This may due to the reaction between Sn(OH) 4 nanoparticle with Si(OH) 4 during the polymerization process, which results into the particle size about 25-27 nm. The selected area electron diraction (SAED) is a crystallographic experimental technique that can be performed inside a transmission electron microscope (TEM). The typical SAED pattern for SnO 2 nanoparticle is depicted in Figure 2 (d) which indicates the presence of (110), (200), (211) and (310) planes respectively and predict the tetragonal lattice symmetry of SnO 2 nanoparticles as evidenced from XRD analysis.
SEM-EDS Analysis. Figure 3 (a-c) shows the surface morphology of synthesized materials. Figure 3(a) shows good agglomeration of particles of mesoporous silica with spherical in shape, whereas a compact arrangement is due to uniform sized SnO 2 nanoparticles which are responsible for importing irregular shapes, Figure 3(b) .
54 Figure 3 (c-d) shows the presence of some porosity which may be due to the insertion of 15 wt % SnO 2 nanoparticles on the surface of SiO 2 . This has helped in enhancing the catalytic activity of the material.
Energy-dispersive X-ray spectroscopy (EDS) is an analytical technique used for the elemental analysis or chemical characterization of a sample. An (EDS) spectrum of the sample with composition of 15 wt % SnO 2 /SiO 2 catalysts gives the elemental distribution of the constituent elements and is represented in Figure 4 . The presence of constituent elements Sn, O, and Si is confirmed on the basis of atom %, 3.65, 54.93, and 41.44 respectively. This indicates that required stoichiometric ratio in the catalyst is maintained.
FTIR Analysis. 10 mg of dry sample was ground with oven dry KBr (200 mg) the resulting homogeneous mixture 100 mg was taken in sample holder. The prepared sample was put in JASCO-FT-IR/4100, spectrometer and scanned between IR ranges of 4000-400 cm . In Figure 5 (a-e) shows the FT-IR spectra of the synthesized materials. Figure 5(a) shows the FT-IR spectrum of pure SnO2 having absorption band at 3205 cm −1 which is due to the Sn-OH stretching vibration, and the band at 1634 cm −1 is assigned for the Sn-OH bending vibration. The similar results were reported in the literature by Deshpande et al. 55 Similarly Figure 5 (c-e) shows that the absorption bands at 3408, 1620, 1093, 806 and 631 cm −1 are attributed to the SnO 2 /SiO 2 framework.
BET and TPD Analysis. NH 3 -TPD measurements were carried out by (i) pre-treating of samples from room temperature to 150°C in Helium flow 25 cc/min for 1 hour; (ii) starting from the adsorption temperature from 50 to 500°C. The acidity of 15 wt % SnO 2 /SiO 2 detected by temperature programmed desorption of ammonia (NH 3 -TPD). BET theory aims to explain the physical adsorption of gas molecules on a solid surface and serves as the basis for an important analysis technique for the measurement of the specific surface area of a material is the so-called BET method (Brunauer, Emmett and Teller). Total acidity and calculated BET surface area of 15 wt % SnO 2 /SiO 2 is summarized in Table 1 .
Catalytic Activity Results. In the present paper we report an efficient environmentally benign and economic synthesis of 2-arylbenzothiazoles using 2-aminothiophenol, benzaldehyde in EtOH:H 2 O as model reaction. It was observed that benzothiazole derivatives can be synthesized in good to excellent yields carried using SnO 2 /SiO 2 catalytic system.
Effect of Solvent. To evaluate the effect of the solvent, on conversion efficiency the model reaction was carried in different solvents namely water (H 2 O), 1:1 EtOH:H 2 O, ethanol, methanol and acetonitrile. The use of water and ethanol as solvent gave poor yields ( Table 2 , entries 1-2), however methanol and acetonitrile gave moderate yields (Table 2 , entries 4-5). When the reaction was run in 1:1 EtOH:H 2 O, the yield of benzothiazole was found relatively better ( Table  2 , entry 3). Therefore, 1:1 EtOH:H 2 O was selected as a solvent medium carrying out the proposed synthesis.
Effect of Catalyst Composition. The effect of the catalyst composition on the activity, various amounts of SnO 2 supported SiO 2 have been studied and the results are summarized in Table 3 . It is observed that in the absence of catalyst no desired product was formed. Pure silica exhibits poor catalytic activity in terms of reaction time and yield of the products and pure SnO 2 gave moderate yields but at the cost consuming more time. However, the mixture of SnO 2 / SiO 2 works satisfactory, in orders to confirm the optimum amount of catalyst, the model reaction was studied with different weight percentages of catalyst and when the results/yields of the product compared, Table 3 (entry 2d-2f). It is observed that 15 wt % SnO 2 /SiO 2 is just sufficient to achieve maximum yield at reduced time periods.
Therefore, under optimized conditions, the method was further employed to synthesize variety of benzothiazoles and found that electron withdrawing and donating aldehydes reacts without any significant loss in activity to give the desired products in good yields (Table 4 entry 3a-3h) (Scheme 1).
Catalyst Recycles Study. Recyclability of catalyst is very important from industrial and economic point of view. Therefore the catalyst was separated by simple filtration, washed with n-hexane and dried at 80 °C for 2 h before the next catalytic run. It is observed that such isolated catalytic material could be reused at least for two to three time for running the conversion with almost same yields under the same reduced reaction time (Table 4 , entry 3a).
Conclusion
In summary, it is appropriate to say that we have developed a straightforward and efficient method for the preparation of 2-arylbenzothiazole derivatives via one-pot reaction of 2-aminothiophenol and aromatic aldehydes promoted by SnO 2 /SiO 2 catalyst. The present method offers several advantages such as shorter reaction time, simple experimental procedure, high yield of the products and catalyst can be recycled and reused at least three times without significant loss of activity.
